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55.0189 

A METHOD AND APPARATUS FOR COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR THE LIKE 

The invention relates to the 6dd of petroleum service and supply bdustries, and more 
particuUrry to completing welbfo^ 

While drilling is taking place* the integrity cif a well U control 

that needs to be adjusted so that the hydraulic pressure of the mud column opposes the leaks 
from the formations while simultaneously avoiding damaging the underground formations by 
fracturing them. When the drilled depth exceeds a certain value, the pressure difference due to 
the difference in depth is such that it is no longer possible to formulate a mud capable of 
performing hi function over the entire length of the well, so to prevent coQapse of the will, it 
is necessary to line the hole with metal casing. For this purpose, a certain number of casing 
tubes are placed end to end and lowered down the wdJ, ind are fixed to the will of the wefl by 
^yragnft' . n o. Therea&er. drilling ess ccstsaje down to the next critical depth 

Each ncwty-drilled length must be fined with casing of outside diameter that is sraal enough to 
pass through the asmg that u 

staircase structure with 4 hole that is Urge at the top of the wefl and much narrower at the 
bottom of the well. Such a configuration is f$x from optimal: a Urge hole at the surface means 
that drilling time must be wasted in a non-productive zone, whereas a narrow hole in the 
useful zones does not favor production by good draining of the formation . 

Worse soil, h often happens that the hole passes through unexpected critical zones even before 
boriqg has reached a critical depth. Such critical zones may, for example, be veins of very 
friable rock or "pockets" of gas which, even though they are usuiiiy very localized, constitute 
major sources of danger both for the well and for the work force on the surface. Under such 
circumstances, the only solution is often to cement these zones by putting casing into place 
immediately, thereby further reducing the size of the hole, which can lead to a well being 
abandoned if further difficult zones are encountered as drilling continues. 
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It wiO also be understood thai tt b very difficult to repair damaged casing by installing new 
casing, without &Mth» 

preventing penetration of certain tools or items of equipment that may be needed » the 
production zones* for example. 

Over the Ust few years, the induso^ 

completing them temporarily, so as to immvb* the number of "stop*- and to increase the 
downhole diameter of the wdl 

Proposals have thus been made to use a composite material comprising an eayandahlr doth 
made of glass fibers impregnated with nonixjrymerbed epoxy resin and having a rubber 
manbrine covering ium 

appropriate laying tool, the membrane is appfied against the wail of the hole or a damaged 
pwtion of casing, arid tte 

that technique is that it requires electrical power of the order of 1 000 watts per linear meter, 
thus limiting hs anp&atioo to treating 

of ivnlhctic material cannot coruthute a final replacement for metal casing aincc that needs to 
be capable, m parioJar, of withstanding treatments based on strong adds or other material* 
that are particularly corrosive. 

US Patent 5 348 095 proposes making casing out of a continuous tube of ducto 
capable of withstanding large amount! of plastic deformation. The tube is enlarged by a 
conical tool, and it can optimally be cemented. However, expansion of the tube is 
acconmanW by a reductkm m 
problem* at the erds. 

US Pater* $ 366 012 proposes a perforated finer provided with overlapping longitudinal atota. 
A mandrel having a large diameter that b greater than the inside diameter of the perforated 
finer is used to expand the waH of the finer and the orifices become large*. Fibcr^emforced 
cement can then be cast on eJtho* aide erf the fow, and onc« the cement haa 
the finer is bored again, thereby kaving a casing of firo^ 

reinforcement The need for farther boring after cementing consthutea a major drawback of 
that techmque. In ad^or^ m 
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the tube ire quite high and the final length of the finer b reduced. Finally, the slots mist be 
pierced in compliance wkh very precise specifications, wfakh leads to a manufacturing cost 
that is high. 

An object of the present invention U a novel type of expandable casing that does not present 
the aboveHnentJooed drawbacks of the art 

According to the invention, this object is achieved by a finer for completing a bote m an 
underground formation, the liner being constituted by a spiral-wound strip of spiral cross- 
section, its longitudinal edges having complementary touching profiles such that after 
expansion the Uner is circular in section. 

To complete a weD, the spinl tube is towered to the bottom of the hole and its walls are 
spread by means of a placement tod, e. g. a conical tool, so as to place the tagjmdtnal edge in 
a touching position where they form a cyfinder A dosed continuous liner h thus obtained 
which can be cemented m conventional manner without the cement invading the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the aja^- wound casing of the isvestio s is pardcuUrfy adapted to cy wrrifTg weflt thai are 
horizontal or rnttti4aterai, given hs small diameter in its contracted state which lends itself 
wei to being installed in narrow wells or in wells of trajectory that impedes the lowering of 
traditional casing segments. 

The uner of the invention b also weD adapted to provisionally completing problem zones. In 
any event the hole may optionally be enlarged in the difficult zone and a spiral finer whose 
diameter after expansion is dose to the diameter of the how before enlargement may then be 
put into place and cemented. Thereafter, drilling can continue and the entire column, including 
the zone that has already been wrnpkted, b subsequently conx>lctcd in correctional manner. 

Tbe spiral casing of the urveniion can also be used for repairing casin g that has been damaged, 
since the outside diameter of the spiral casing after expansion can be selected to be equal to or 
very sEghtly less the inside diameter of the casing that is already in place. 

The spral-wound strip preferably has chamfered longitudinal edges that define contact 
surfaces whose general direction lies in a plane which forms a non-zero angle relative to the 
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tocighudina] axis of the finer. Also preferably, the kmgitudinal edges have a crenelated tection 
to provide mechanical engagement at a predetermined dimeter. 

In a more particularly preferred variant of the invention, the liner ii obtained by rolling up a 

itrtp about an axu that U ai a cert^ 

wc*i rirannjtaa^ 

he& around the cyfinder. If 

figure is obtained whwkrigth is act altered by 

Tte finer of the urveation can be 

coiled tubing. In order to complete lections that are of great length, it h possible to weld 
together a phirahty of sheets, eitte of the finer, which b preferable when 

using the coiled tubing technique, or ebc (firectry on ihe. 

The lifter of the invention can be made of metal, e.g. steel or any other material having the 
desired degrees of elasticity and 

is selected, and providing h has not been cemented, then the Incr of the invention can 
opttooaSy be femoved, thus snaking temporary placements possible. 

Other details and advantageous characteristics of the invention appear from the toBowing 
description given with reference to the fijures, in which: 

• Figure Tu a (fiagraiwnate 

after expansion, shown in perspective (Figures la and lb) and in end view (Figures la' and 

•Figure 2 shows an expansion tool; 

- figure 3 shows an exarnptecf 

3d) and shows various profiles for such toothed edges; 

• Figure 4 u a perspective view 
with toothed sections; 
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- Figure 5 shows a finer of the invention having longitudinal edges constituting a double helix, 
seen in perspective in the contacted state (Figure 5a), after expansion (Figure 5b), and in 
longitudinal section (Figure 5c); 

- Figure 6 shows an example of temporary coinpletion using a finer of the invention; 

• Figure 7 shows a typical sequence for a3mr>letioo of a production 2orje; and 

• Figure S shows a variant of a foer of the invention thai b perforated and fitted with a sand 



(Figures la asd la*) with overlap over an angle A. After expansion, the liner is circular in 
section and its longitudinal edges come into contact to constitute a closed peripheral surface. 

If the winding follows an Archimedes' spiral, then writing £ for the thickness of the strip and 
Dc for the pseudo-diameter of the spiral-wound strip in the contracted state, the value De of 
the diameter after expansion is given by the following equation: 



where A, the overlap angle, is expressed in radians, and where the lengths De, Dc, and £ are 
expressed in the same units. 

With an overlap of 90* as shown in Figure la, a hner having an outside diameter De of 17.8 
an (7") and a thickness £ of 9 J mm (3/8 of an inch) is contracted to a diameter Dc of 14.9 cm 
(5.86"). For an overlap of 180", the expansion is dose to 50%. 

By way of example, the tool for expanding the liner of the invention can be consthcted by a 
double cone assembly as shown rftagnmmi tirafly in Figure 2, having a first end 10 suitable for 
being fixed to the end of a coiled tube or of a string of rods, and a second end 11 of diameter 
similar to that of the spiral-wound liner in the contracted state, thereby enabling the spiral- 
wound finer to be pushed to the zone which is to be completed. The expansion tool also 
includes an enlarged zone 12 of outside diameter dose to the inside diameter of the liner after 
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*ha*beenexr*iuieAlheenl^ 
pirt by remoU c»atrol meara 

of such mean* *i b conventional for pUcemeot tools used in wdk 

In the variant of the kventica ihown in Figure 3, the complementary tongjtudina! edges are 

given teeth ao as to form a mecham^ 

3d^ a tootW edge, ta lias case aa edge tw^ 

It may also be observed that the tocgfcu&al edges hive a contact area &ang hi a general 



direction J> at a iiotMero angfc relate 
^.^^^4^ ^anreaeneralrylvinitia 



profiles 



or on the comniy, decreased, and it is possible to select profiles that are newer to 
square so is to achieve engagement that is doser to being ofAe tenon and raortise type. In «J1 

of the ewniples shown in figure 3, the toothed edgea follow a general direction D at a 
certakj angle relative to the normal to the tonghudiiul axis of the toer. The profile selected is 
preferably such as to mWfflae wfial fiietfeo sVcea tta» tend to oppose sB&« ef the two 
cojnpkmesttaiy portions. As shown h Figure 3 e, the elastic forces Fa and Fb that resuh from 
expanding the qriral-wound finer create radial fiSoion force* Fc and Fd which tend to move 
the edges apart. This separation force can be minimized or even eliminated by optoreting the 
shape of the teeth. 

Tie fon» Pa and in> which assist o loddi« tl« 
^eAoftbehnermthecoetiactedposi^ 

increase the radM fcrees so thai a balance must be foui¥l hetweeo the d<»W coelBciect of 
expansion and mechanical locking. 

The finer is expaaded into the shape of a cone of amotions that depend essentially on the 
geometry of the sptrsJ-woood Ener and on ito eh^dty, arid to a smaller extert on the apex 
angle of the cornel expansion tool. To Emit fiiction forcea. it may be advantageous to select 
an expansion tool constituted by a cooe whore apexangleisdoretothatofthe -natural' 
expansion cone of the spiral-wound fines. 
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As shown mm particularly in Figured tbe axis of the engagement teeth forms an angle B 
with the axis of tbe spiral-wound tube lids angle B has an optimum vahie lying between the 
"natural" expansion cone angle of the finer and zero, however zero is also acceptable. 

Figures shows the most particularly preferred variant of the invention in which the finer is 
obtained by roIEng up a strip about an axis that is at a certain angle relative to the axis of 
symmetry of the strip. In the contracted position (Figure 5a), the edges form a double faefix 
around the Iner After expansion (Figure SbX the two hefixes coincide and the junction fine 
winds helically around tbe Boer. 

A particularly advantageous aspect of this geometry Bes in it being possible for expansion to 
be p e rforme d without changing the X length of the Uner. If, as shown in Figure 5c, the 
"diameters* of the Goer are written Dc end De (where index g corresponds to the Sner being in 
the contracted state and index £ to the iner in the expanded state), and if the periods of tbe 
hefical airves followed by the longitudinal edgeaare wrhtenHcai^He(wbcre the poiod of a 
he&x is defined as being the distance measured along the longitudinal axis of the liner between 
two exxrespondsng points that are one complete turn apart around the cylmder of (fiameter Dc 
(or Be if the esse m*y be)), sad if the length of a k«gk»<£n*3 edgeof the Knerk written L for 
a iner whose total length is X, it can be slwwn that tbe length L is equal to: 



and that consequently, if the tape is rofled up b such a ouum that then the length 

if, H t 

X does not vary. 

Wrft das doubte hefix cumgura^ 

finer if of thickness W, then the diameter after expansion is given by the equation: 




a a 



WL 
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in a plane pcrpendiciilaf to the axis erf 1 the finer during the expansion stage* If the cod* of the 
double hefix finer arc cut perpea&uUrty to the krogrtudnol axis, then after expansion these 
ends wffl define perfect endes in plane that are themselves perpendicular to the longtaidinaJ 
axis of the finer. Tins disposition is particularly frvociWe for ensuring sealing of the 
completion at the ends of the linear. 

Figures 6 and 7 are highly diagrammatic and show two examples of completion using a spiral 
wound finer of the invention, it being understood thai these examples are not turning m any 
way. 

In the example shown in Figured, the spiral-wound tube b used for ccrnmWng a zone m 
temper inaiuw. In a wefl m 
between the fi^eturmg gradie* 

problems associated, for example, with the presence of formations that are highly unstable 

(daycy rock, sands, salts, etc.) in depletion rones, or other problems that are weU known to 

the person skiDed in the art The financial wnsequerH» 

proportion to their length shxe antkipated comply 

on an extra occasion* thereby reducing the diameter of the hole. 

The well has been drilled and casing has been mstalled m itt upo^ I . Driting has then 

coiniiwed beneath the caauig 

is not cased, prior to reaching a xone 4 of length Lx which needs to be treated bnmcdiately 
(Figure 6a). The decision b taken to proceed wim temper 

invention. A spiral-wound finer 5 is pushed towards the bottom of the well by means of a 
dc^te c«w^ expansion 

move on (Figure 6b) so as to spread apart the watts of the finer until they rench a predefined 
diameter (Figure 6c). Once the finer b in place (Figure 6d) the expansion tool is returned to 
the surfice and the finer b oanented ush>g finer cen^ 

jhown here, the finer « fffovided with openings 8 to allow cement to pass from the inside of 
the finer towards the annulus 9 whkh is to be cemented, however it is dear that a cetnenting 
shoe could be used. 
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After expansion, the inside diameter of the liner is practically identical to the diameter of the 
hole in zones where there are no drilling problems (where necessary, the hole can be enlarged 
in the zone that requires treatment by means of a reamer). Drilling can then be started again 
without any need to driB through a cemented zone, and the entire weD can be completed in 
accordance with the original drilling plan, and without any reduction in the diameter of the 
well 

Tt it dear that addMonal »« ■ t***rmn*" ***** h* used ^ 

of the invention. Abo, the incr is preferably fitted with codpieces made of a material that is 
easily deformed and that is easy to drill (eg. aluminum), thereby ejxaranteemg that the spiral- 
wound tiner is property expanded over its entire length. 

A typical sequence of using a spiral-wound Hner of the invention for completing a section of a 
reservoir is shown in Figure 7. Such an oper at ion may be envisaged, for example, with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention is brought in the contracted state to a non-cased 
section of the reservoir (Figure ?*) and h h then ernanried by means of an expansion tool 
(Figures 7b and 7c). Like any other production liner, the finer of the invention is, in this case, 
pierced to allow production fluids to pass therethrough, and as shown in Figure*, it is 
preferably covered in a grid which may be fixed thereto, e g. by being welded to the strip prior 
to spiral winding. The grid is preferably on the outside face of the liner, racing towards the 
walL 

It should be observed mat the surface area of the roHed-up strip remains unaltered during 
expansion so wels are not weakened by the spiral-wound liner of the invention being put into 
place and expanded. For the same reason, die size and distribution of the openings provided 
for allowing the production fluids to pass can be selected in a manner that is entirely 
independent of the diameters in the contracted state and m the expanded state. This makes it 
possible, in particular, to obtain a liner that is very strong in association with greater stability 
and longer fife of the well. 
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For iborizoottl^ ■*pir«}-wo«BdliiMT 

can be placed very close to the formation, even in the upper portion of the finer, and thai is 
often not the case with a conventional tor that is incapable of being contracted. 

So long as it has not been cemented, a spiral-wound finer can be withdrawn by means of a 
■pedal tool which separata the teagitudinsl edge* so is to allow the finer to roll up again and 
return to a tWf wrff^ to i^dal contracted state. If such withdrawal is wpected 

only after several months or years, care should be taken to use a material that b capable of 
retahuitgiueltstKpropertksoversochal^ 



The geometry of the spiral-wound liner of the invention L» entirely compatible whh mass 
production at low cost For example, it is possible to use metal strips (where necessary strips 
that are welded together) that are pierced in a predefined partem, eg, by punches mounted on 
rollers or by a hydraubc press having a punt*. The loogihufinal edges are preferably rectified 
continuously so as to give them a toothed profile, and grids may smnlariy be welded at least 
•long one of the longhudinsl edge* before winding into a spiral. Finally, the strip may be 
spiral-wound dkecth/ and then coiied. either continuously or else after being cut up into equal 

lengths. 

In general, it b preferable to pay out a liner of the invention from * red since that is cheaper 
once the section to be completed is long, and more refiahte line* cortnwriorw are omitted. 
Nevertheless, it is equaBy possible to use Biters of fixed length and to perform completion in » 
zone by repeatedly placing and expanding lengths of finer. 
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CLATMS 

1/ A finer for completing a bote in an underground formation, the finer being constituted by t 
spiral- wound strip, its longitudinal edges having complementary touching profiles such that 
after expansion the finer is ctrcuUr in section. 

2/ A finer according to claim 1, characterized in that the longitudinal edges define a contact 

surface of general drction D lying in a plane that forms a non-zero angle relative to the 
longitudinal axis of the finer. 

3/ A finer according to claim 2, characterized in that said angle formed by the general direction 
6 of the contact surface lies in the range 30* to 60°. 

4/ A finer according to any preceding claim, characterized in that the touching longitudinal 
edges have a sawtooth profile. 

5/ A finer according to any preceding daxm, characterized in that the finer is obtained by 
roiling up a strip about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

6/ A liner according to any preceding daim, characterized fcthat il a provided wto opening*. 
7/ A liner according to daira 6, characterized in that k is covered in a grid. 
%! A finer according to claim 7, characterized in that the grid is wdded on. 

9/ A method of completing a hole in an underground formation in which a spiral-wound strip 
is lowered down the hole, and the strip is opened unti a circuUr section b obtained by means 
of a corneal placement tool for putting the longitudinal edges into a touching position. 

10/ A method according to claim 4, characterized in that it also includes a cementing 
operation. 

11/ The use of the method according to claims 9 or 10, for temporary cotnpterioo of zones 
that are depleted or unconsolidated. 
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12/ The use of the method accordmg to daim 9 or 10, for repairing a casing. 
13/ The use of the method of chum 9 for completing a production zone. 

147 A syttem for completing a hole in an underground formation, characterized m that it 
includes a hner according to any one of claims I to S and an expansion tool suitable for 
Splaying apart the longitudinal edges until they take up a position where they touch each other 
edge-to-edge. 

15/ AtoolfbrwhWrawkig* to 8, the tool comprising 

means for moving the longjtuolnal edges apart by a otamcter greater than the diameter 
comp rising to a circular section and enabling the finer to shrink so as to return to a spcral- 
wouod cC4tfiguration of a diameter that is small enough to enable the liner to be extracted from 
the well. 
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